Introduction
============

Alzheimer\'s disease (AD), is a disease of the central nervous system; it is characterized by progressive cognitive dysfunction and memory degradation. The World Health Organization speculates that by 2050, the AD patients in the Euro-American countries may reach 30 million ([@b1-etm-0-0-4322]). At present, there are \~6 million AD patients in China, which account for one-third of the global AD patients population, and, unfortunately, the number is increasing with a growth rate of \~1.8 million people every year ([@b2-etm-0-0-4322]). Following cardiovascular disease, cerebral apoplexy, and cancer, AD has become the fourth major cause of morbidity and mortality in the elderly. Since Alois Alzheimer first described AD in 1906, there have been a large number of studies trying to unravel the disease mechanisms, but the pathogenesis is still unclear. At present, researchers looking into AD focus their studies on oxidative stress, free radical damage, amyloid protein cascade, immune inflammation, genetics and apoptosis.

Butylphthalide (also known as 3-n-butylphathlide or NBP) is a new kind of neuroprotective drug ([@b3-etm-0-0-4322]) used in China to treat acute cerebral ischemic strokes. Butylphthalide effectively enhances the microvascular circulation and blood flow in the ischemic zone, protecting the microenvironment and the mitochondria. In addition, butylphthalide also regulates the content of adenosine triphosphate (ATP) and phosphocreatine (Pcr) in the brain to improve the energy metabolism in the brain ([@b3-etm-0-0-4322],[@b4-etm-0-0-4322]). Studies have found that butylphthalide possesses a regulating effect on cGMP levels and ChAT activity in the cytoplasm of the nerve cells ([@b5-etm-0-0-4322],[@b6-etm-0-0-4322]). Other studies have found butylphthalide has a therapeutic effect in the animal model of AD ([@b7-etm-0-0-4322]), but the mechanism of action of the compound is not clear so far. Therefore, in this study we aimed at elucidating more details of the therapeutic effects of butylphthalide using a rat model of AD.

Materials and methods
=====================

### Experimental materials

The special reagents include: Taq Master Mix (SinoBio, Walpole, MA, USA), agarose (Biowest, Nuaillé, France), stroke-physiological saline solution, sterile double-distilled water, anti-phosphorylation mitogen-activated protein kinase (p-MAPK) monoclonal rabbit antibody (dilution, 1:1,000; cat. no. 12638) and β-actin polyclonal rabbit antibody (dilution, 1:2,000; cat. no. 4967) were from Cell Signaling Technology, Inc. (Danvers, MA, USA); 0.9% physiological saline solution (Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan), TRIzol (Invitrogen), and pathological slicer (Leica, Mannheim, Germany).

### Experiential facilities

The specialized instruments include: PCR thermocyclers and gel imaging instrument (both from Bio-Rad Laboratories, Inc., Hercules, CA, USA), electrophoresis apparatus (Liuyi Instrument Factory, Beijing, China), centrifuge and micropipettors (both from Eppendorf AG, Hamburg, Germany), a Haier ice machine (ICE; Haier Co., Shanghai, China), western blot analysis electrophoresis apparatus (Bio-Rad Laboratories, Inc.), −80°C refrigerator (Thermo Fisher Scientific, Waltham, MA, USA), special surgical instruments for the experimental animals (Medical Instrument Factory, Beijing, China), a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA), EP tubes (Eppendorf AG), and a water bath kettle (Medical Instrument Factory).

### Research methods

Ninety Sprague-Dawley rats purchased from the Animal Center of Shandong University were randomly divided divided into three groups of 30 each (a drug, a control and a blank group). The rats in the drug and the control groups were anesthetized with 10% chloral hydrate (at a dose of 0.5 ml/100 g). After anesthesia was accomplished, 5 µl amyloid β (Aβ)~1--42~, (1 µg/µl) were injected into the hippocampus to induce AD. The treatments were begun at once after the establishment of the models. Butylphthalide and edible sesame oil were mixed into suspension (0.1 g butylphthalide per each 12.5 ml of sesame oil). The rats in the drug group were treated with intragastric administration of the butylphthalide suspension at 75 mg/kg once a day. The control group was given intragastric normal saline at the same proportion once a day. The blank group of healthy rats was maintained without any special treatments. Rats in the three groups were fed for 30 days. After that, the rats were sacrificed and perfused with BPS until no blood was present in the outflow. The brain tissue of rats was divided into two parts. One portion was sliced into 5-µm thick sections after being fixed, dehydrated, and paraffin embedded, and the other portion was first placed in liquid nitrogen, and then at −80°C for later use. The standard terminal deoxynucleotidyl-transferase-mediated dUTP nick end labelling (TUNEL) staining method was used to detect apoptosis of brain tissues. The H&E staining method was used to observe the brain tissue cell morphology. Western blot analysis was adopted to detect the protein expression level of MAPK, ERK and P21 in each brain. RT-PCR was used to detect mRNA expression levels of MAPK, ERK and P21 in the brains. This study was approved by the Ethics Committee of Yantai Yuhuangding Hospital.

### Statistical analysis

SPSS 19.0 statistical software (IBM SPSS, Armonk, NY, USA) was used to analyze the research data. The enumeration data were expressed as mean ± standard deviation. The single factor combined LSD method was used to analyze the comparison between groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Butylphthalide abrogates apoptosis of the brain tissue in the rats

The TUNEL stained brain slices were observed under an inverted microscope to detect apoptosis in the tissues. Apoptotic tissues in the brain of the rats in the drug group were less common than those in the control group, with statistically significant differences (P\<0.05) ([Fig. 1A and B](#f1-etm-0-0-4322){ref-type="fig"}).

### Butylphthalide inhibits the mRNA expression level of MAPK, ERK and P21

In order to assess which signal pathways are affected by butylphthalide, we measured the mRNA expression levels of MAPK, ERK and P21 in the brain tissues of rats in the three groups. The results showed the levels of MAPK significantly reduced in the brains of the rats in the drug group (P\<0.05), while the mRNA levels of the ERK and P21 showed no obvious changes amongst the groups (P\>0.05) ([Table I](#tI-etm-0-0-4322){ref-type="table"} and [Fig. 2](#f2-etm-0-0-4322){ref-type="fig"}).

### Butylphthalide inhibits the protein expression level of MAPK, and has no effect on ERK and P21 levels

Furthermore, we carried out the detection and comparison of the protein expression levels of MAPK, ERK and P21 for the brain of the rats in the three groups. Our results showed the protein expression levels of ERK and P21 in the three groups had no obvious differences ([Fig. 3A](#f3-etm-0-0-4322){ref-type="fig"}) (P\>0.05). The level of MAPK of the rats in the control group was obviously higher than that in the healthy group, and the level of MAPK of the rats in the drug group was significantly lower than that in the control group. The differences had statistical significance ([Fig. 3B](#f3-etm-0-0-4322){ref-type="fig"}) (P\<0.05).

Discussion
==========

The complete explanation for the pathogenesis of AD has not been obtained at present; many different factors seem to be involved including gene mutations, cholinergic damage, tau protein, oxidative stress, and deregulated apoptosis, and different hypotheses have been proposed. Important studies on gene mutation and AD found a link with the expression of the β-amyloid precursor protein (APP) gene, presenilin-1 and −2 (PS-1 and PS-2) gene and apolipoprotein E (ApoE) gene ([@b8-etm-0-0-4322],[@b9-etm-0-0-4322]). It has also been shown that cognitive and memory functions are affected by the decreased activity of acetylcholinesterase (AChE) ([@b10-etm-0-0-4322]--[@b12-etm-0-0-4322]). Others have found that, once the balance of the proteic phosphorylation of tau protein in the brain gets damaged, the stability of the neuronal axon is affected leading to the functional degeneration of the nerve fiber and induction of AD ([@b13-etm-0-0-4322]). Finally, researchers focusing on the role of oxidative stress, confirmed that oxidative stressors, such as nitric oxide (NO), NO synthase (NOS) and superoxide dismutase (SOD) enzyme were highly expressed in the AD animal model ([@b14-etm-0-0-4322]--[@b16-etm-0-0-4322]). Nevertheless, the details linking all these findings are lacking and more studies on the pathogenesis of AD are still needed.

Butylphthalide is a synthetic drug, with the same structure as the levo-compound found in the celery plant naturally, but butylphthalide is obtained by artificial racemization. It has been used in China for the treatment of the anti-cerebral ischemia with good results when used after acute ischemic stroke. In the present study, we found that the apoptosis of nerve tissues of AD rats was significantly reduced after the use of butylphthalide (P\<0.05). The results of the TUNEL staining showed that the population of apoptotic cells was significantly reduced in comparison to the control AD group (P\<0.05). Furthermore, the protein expression levels of MAPK, ERK and P21 of the brain tissue of the AD rats were significantly higher than the levels in the healthy rats, but importantly, the levels of MAPK in the drug group were lower than those in the AD control group (P\<0.05). To confirm the expression differences, we used RT-PCR to detect the mRNA expression level of MAPK, ERK and P21. We found the mRNA levels of MAPK, ERK and P21 in the drug group were significantly lower than those in the AD control group, but higher than those in the normal healthy group, and the differences all had statistical significance (P\<0.05). Based on these results, we suggest that the inhibitory effects of butylphthalide on the apoptosis of brain cells were realized through the inhibition of the transcription and translation of MAPK. Evidence for this kind of involvement was published previously, when researchers indicated that MAPK plays a role promoting the apoptosis of hepatic stellate cells that are induced by endoplasmic reticulum stress ([@b16-etm-0-0-4322]). Also, in lung cancer, a therapeutic approach promoted the expression of the P21-MAPK signal pathway to achieve apoptosis of lung cancer cells ([@b17-etm-0-0-4322]). In the present study, we provide additional evidence that seems to indicate the MAPK-P21 signal pathway could also play a role in apoptosis of the brain tissue of AD rats. Further studies using an MAPK inhibitor in a control group are warranted.

In conclusion, we propose butylphthalide has a protective effect on the brain of rats treated with Aβ~1--42~ to induce AD, and it is possible the inhibition of apoptosis by the MAPK pathway is at play.

![TUNEL staining of the neurons in the hippocampal C1 area of the brains of rats (magnification, ×400). (A) Results of the healthy group showed the expression of a small amount of TUNEL-positive cells. In the control group, the TUNEL-positive cell rate was significantly increased (5.76±0.22 vs. 72.4±2.67), P\<0.01). Compared with the AD control group, the expression of the TUNEL-positive cells in the AD drug group was significantly decreased (43.23±2.67 vs. 42.3±1.53, P\<0.01). (B) Statistical diagram of TUNEL staining (\*P\<0.05, ^\#^P\<0.01). TUNEL, terminal deoxynucleotidyl-transferase-mediated dUTP nick end labelling; AD, Alzheimer\'s disease.](etm-13-06-2771-g01){#f1-etm-0-0-4322}

![Comparison of the fluorescence intensity by RT-PCR of the mRNA of MAPK, ERK and P21 in three groups. There were no significant differences between ERK and P21, but the average level of MAPK in the control group was significantly higher than that in the healthy group. Also, compared with the control group, the drug treatment group had a lower level of MAPK. MAPK, mitogen-activated protein kinase. \*P\<0.05.](etm-13-06-2771-g00){#f2-etm-0-0-4322}

![Protein expression levels of the signal pathway of MAPK, ERK and P21 of the brains of rats in the three groups. (A) Western blot analyses showed expression of MAPK, ERK and P21. (B) Quantitative analysis: Levels of ERK and P21 of the three groups were similar (P\>0.05). However, in the control group, the MAPK protein expression was significantly higher than that in the healthy group, and the level in the drug group was significantly decreased (P\<0.05), confirming qPCR results. MAPK, mitogen-activated protein kinase.](etm-13-06-2771-g02){#f3-etm-0-0-4322}

###### 

Comparison of the fluorescence intensity of the mRNA of MAPK, ERK and P21 in the brain tissues of the rats in the three groups (mean ± SD).

  Groups    n    MAPK        ERK         P21
  --------- ---- ----------- ----------- ----------
  Drug      30   32.7±12.6   28.4±11.7   44.2±8.9
  Control   30   75.3±7.9    31.3±12.6   38.7±4.6
  Healthy   30   4.37±2.5    33.5±18.6   35.6±2.5
  F-value   --   12.58       0.28        0.44
  P-value   --     0.011     0.38        0.58

F- and P-values refer to the difference among the three groups. MAPK, mitogen-activated protein kinase.
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